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Abstract

BACKGROUND

Diabetic kidney disease is one of the common complications of type 2 diabetes
(T2D). There are no typical symptoms in the early stage, and the disease will
progress to moderate and late stage when albuminuria reaches a high level.
Treatment is difficult and the prognosis is poor. At present, the pathogenesis of
diabetic kidney disease is still unclear, and it is believed that it is associated with
genetic and environmental factors.

AIM
To explore the relationship between the glucokinase regulatory protein (GCKR)
gene 15780094 polymorphism and T2D with albuminuria.

METHODS

We selected 252 patients (126 males and 126 females) with T2D admitted to our
hospital from January 2020 to October 2020, and 66 healthy people (44 females
and 22 males). According to the urinary albumin/creatinine ratio, the subjects
were divided into group I (control), group II (T2D with normoalbuminuria),
group III (T2D with microalbuminuria), and group IV (T2D with macroalbu-
minuria). Additionly, the subjects were divided into group M (normal group) or
group N (albuminuria group) according to whether they developed albuminuria.
We detected the GCKR gene rs780094 polymorphism (C/T) of all subjects, and
measured the correlation between GCKR gene rs780094 polymorphism (C/T) and
T2D with albuminuria.

RESULTS
Gene distribution and genotype distribution among groups I-IV accorded with
the Hardy-Weinberg equilibrium. Genotype frequency was significantly different
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among the four groups (P = 0.048, y? = 7.906). T allele frequency in groups II, IlI, and IV was significantly higher
than that in group I. Logistic regression analysis of the risk factors for T2D with albuminuria showed that the CT +
TT genotype (odds ratio = 1.710, 95% confidence interval: 1.172-2.493) was a risk factor.

CONCLUSION
CT + TT genotype is a risk factor for T2D with albuminuria. In the future, we can assess the risk of individuals
carrying susceptible genes to delay the onset of T2D.

Key Words: Type 2 diabetes mellitus; Albuminuria; Glucokinase regulatory protein rs780094; Gene polymorphism

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetic nephropathy (DN) is a serious complication of diabetes with no typical clinical manifestations at the
beginning of the disease, and treatment efficacy is poor. Currently, it is believed that the pathogenesis of DN is associated
with environmental and genetic factors. In this study, we found that CT + TT genotype in glucokinase regulatory protein
rs780094 is a risk factor for type 2 diabetes complicated with albuminuria at the genetic level.

Citation: Liu YY, Wan Q. Relationship between GCKR gene rs780094 polymorphism and type 2 diabetes with albuminuria. World J
Diabetes 2023; 14(12): 1803-1812

URL: https://www.wjgnet.com/1948-9358/full/v14/i12/1803.htm

DOI: https://dx.doi.org/10.4239/wjd.v14.i12.1803

INTRODUCTION

Type 2 diabetes (T2D) is a common chronic metabolic disease. The latest epidemiological survey showed an incidence
rate of 10.3% for diabetes in China, of which T2D accounted for about 90%][1]. Diabetic nephropathy (DN) is one of the
common complications of T2D. In China, the incidence rate of DN in patients with T2D is 20%-40%[2]. There are no
typical symptoms in early kidney injury. When there is a high level of proteinuria and other symptoms, DN has reached
the middle or late stage. At these stages, it is difficult to treat and often causes end-stage renal disease (ESRD), with a
poor prognosis. Therefore, early and effective intervention in diabetes, regular monitoring of urinary protein, and timely
symptomatic treatment can reduce the probability of T2D developing into DN and ESRD.

The pathogenesis of T2D and DN is not clear. Currently, it is believed to be caused by multiple factors. Genome-wide
association study (GWAS) is a method of studying the association between a specific gene and a disease, using a large
number of DNA samples for high density of single nucleotide polymorphisms genetic markers to find out the presence of
sequence variations. Recent GWAS conducted domestically and internationally have identified > 250 candidate genes for
susceptibility to T2D[3], such as PRKAA2[4], ATP binding cassette transporter 1[5], FTO[6], FADS[7], and glucokinase
regulatory protein (GCKR)[8]. Human GCKR plays an important role in sugar regulation. At present, the genetic
polymorphism of GCKR rs780094 is still controversial. Some studies believe that the T allele in GCKR rs780094 is related
to the occurrence of T2D, and some scholars believe that the A allele is related to it. Because of the uncertainty of this
relationship, it is worth further study.

MATERIALS AND METHODS

Research subjects

In this study, 252 T2D patients (126 males and 126 females) and 66 healthy people (44 females and 22 males) were selected
by simple random sampling from January 2020 to October 2020 at our hospital. All subjects were free of acute infection
and secondary diabetes (such as acromegaly or Cushing’s syndrome), and were not pregnant. Patients with type 1
diabetes were excluded.

Patient grouping

According to the 1999 World Health Organization diagnostic criteria for T2D and the consensus of Chinese experts on
prevention and treatment of diabetes in 2014, all subjects were divided into group I (control group), group II [diabetes
with normoalbuminuria, urinary albumin/creatinine ratio (UACR) < 30 mg/mg], group III (diabetes with microalbu-
minuria group, 30-299 mg/mg), and group IV (diabetes with albuminuria, UACR 2 300 mg/mg). Additionally, the
subjects were divided into either group M (normal group) or group N (albuminuria group). The study was approved by
the Ethics Committee of the Affiliated Hospital of Southwest Medical University.
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Questionnaire survey

All study populations used a unified survey questionnaire, which included name, gender, age, birth date, disease history,
drug use, smoking history (never smoking refers to never smoking; smoking refers to still smoking in the past 30 d), and
alcohol consumption (never drinking; occasional drinking < 1 time/wk in the past year; frequent drinking > 1 time/wk in
the past year).

Physical and biochemical examinations

We recorded the patients” height and weight and calculated their body mass index (BMI). Fasting blood was collected to
detect 2-h postprandial blood glucose, fasting insulin, fasting C-peptide, blood lipid levels, etc. The glucose oxidase
method was used for blood glucose detection; C-peptide and insulin were measured by radioimmunoassay; glycated
hemoglobin was detected by hyphenated to liquid chromatography; and triglyceride (TG), total cholesterol (TC), high-
density lipoprotein (HDL), low-density lipoprotein (LDL), blood urea nitrogen (BUN), and blood uric acid (BUA) were
measured using a Hitachi 7600 automatic biochemical analyzer. The levels of urinary albumin and creatinine were
detected with an automatic urine analyzer, and UACR was calculated. In addition, the subjects underwent oral glucose
tolerance testing (OGTT).

DNA extraction and detection of gene polymorphism with TagMan probe

TagMan fluorescent probe is a kind of oligonucleotide probe. During polymerase chain reaction (PCR) amplification, a
specific fluorescent probe is added along with a pair of primers. When the probe is complete, the fluorescence signal
emitted by the reporter group is absorbed by the quencher group. During PCR amplification, the 5'-3" exonuclease
activity of Taq enzyme degrades the probe, separating the reporter fluorophores from the quench fluorophores, so that
the fluorescence monitoring system can receive the fluorescence signal, that is, for each amplified DNA strand, a
fluorescence molecule is formed, and the accumulation of fluorescence signal is completely synchronized with the
formation of PCR products (Table 1 and Figure 1).

Statistical analysis

The research data were statistically analyzed using SPSS version 22.0. Measurement data with a normal distribution are
expressed as the mean + SD. Two independent samples ¢-test was used for comparison between two groups, and one-way
analysis of variance was used for comparison among multiple groups. Measurement data with a non-normal distribution
are expressed by median (interquartile interval). The Mann-Whitney U test was used for comparison between two
groups. The Kruskal-Wallis H test was used for comparison among multiple groups. Numerical data were analyzed by
the y? test or Fisher’s exact probability method. Multivariate logistic regression was used to analyze the influencing
factors of T2D with albuminuria. P < 0.05 was considered statistically significant.

RESULTS

This study included 318 subjects, who were divided into group I (controls, n = 66), group II (diabetes with normoalbu-
minuria, n = 101), group III (diabetes with microalbuminuria, n = 81), and group IV (diabetes with macroalbuminuria, n =
70). Age, diastolic blood pressure, systolic blood pressure, weight, BMI, disease course, glycated hemoglobin, fasting
blood glucose, 2-h postprandial blood glucose, BUN, BUA, creatinine, TG, TC, and UACR differed significantly among
the groups (P < 0.05), while height, fasting insulin, fasting C-peptide, HDL, and LDL did not differ significantly (P > 0.05)
Table 2).

( Some) samples were selected for sequencing identification, and the sequencing results and probe results were
completely consistent with the typing results (Figure 2). The genotype frequency and allele distribution of the control,
normoalbuminuria, microalbuminuria, and macroalbuminuria groups are shown in Table 3. The gene distribution among
the four groups and the whole genotype distribution were in accordance with the Hardy-Weinberg equilibrium (P >
0.05). The genotype frequency differed significantly among the four groups (P = 0.048, y*> = 7.906). There were significant
differences between the control and normoalbuminuria groups (P = 0.012, U = 2613), between the control and microalbu-
minuria groups (P = 0.024, U = 2131), and between the control and macroalbuminuria groups (P = 0.027, U = 1836.5).
There were significant differences in genotype frequency among the four groups (P = 0.032, y? = 8.786). There were
significant differences between the control and normoalbuminuria groups (P = 0.007, U = 11328), between the control and
microalbuminuria groups (P = 0.017, U = 9192), between the control and macroalbuminuria groups (P = 0.020, U = 7938),
and between the normoalbuminuria and microalbuminuria or macroalbuminuria groups. There was no significant
difference in gene distribution or genotype distribution between the microalbuminuria and macroalbuminuria groups (P
> 0.05) (Table 3).

T2D complicated with albuminuria was analyzed by logistic regression with diastolic blood pressure, systolic blood
pressure, height, weight, BMI, disease course, glycated hemoglobin, fasting blood glucose, 2-h postprandial blood
glucose, BUN, creatinine, TG, TC, UCAR as dependent variables, and each genotype as independent variables. Diastolic
blood pressure, systolic blood pressure, weight, BMI, hypertension, hyperlipidemia history, history of alcohol
consumption, glycated hemoglobin, fasting blood glucose, 2-h postprandial blood glucose, BUN, TG, TC, and CT + TT
genotype were identified to be risk factors for T2D with albuminuria (Table 4).
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Table 1 Probe sequence

) . Modification
Name SNP site Primer Sequence
5 3
Human 15780094 rs780094-F GGCCCCAGTTTTTTAGACCAT
1s780094-R GCCCGGCCTCAACAAAT
rs780094-PG CTGACACATGTTTGCT FAM MGB
1s780094-PA TGACACATATTTGCTG VIC MGB
SNP: Single nucleotide polymorphism.
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DOI: 10.4239/wjd.v14.i12.1803 Copyright ©The Author(s) 2023.

Figure 1 Reaction diagram in a standard plasmid. A: rs780094-PA; B: rs780094-PG; C: rs780094-PA/G.

DISCUSSION

DN is one of the common complications of T2D and one of the main causes of ESRD[9]. At present, the pathogenesis of
DN is not clear, and research shows that its pathogenesis is mainly related to long-term hyperglycemia, polyol pathway,
microcirculatory disorder caused by oxidative stress, glycosylation of protein kinase, hyperfunction of platelet
aggregation, increased glomerular filtration pressure, change of basement membrane charge, inflammatory reaction, and
even dysbacteriosis[10,11]. However, these do not seem to fully explain the occurrence and development of DN.
Therefore, it is increasingly believed that DN may be caused by environmental and genetic factors.

Glucokinase (GCK) is an important regulatory enzyme for glucose metabolism that can catalyze glucose phospho-
rylation in pancreatic islet p cells and mammalian liver cells, and it serves as a glucose sensor, regulating the function of
pancreatic islets in releasing insulin and synthesizing glycogen. When glucose metabolism is normal, GCK binds to its
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Table 2 Comparison of baseline data among the four groups

Group | Il ] v Statistics P value
Number 66 101 81 70 - -

Sex (male/female) 22/44 57/ 44° 36/45 33/37 8.755! 0.033
Age (yr) 51 (19) 55 (16)° 55.5 (15.75)" 58 (13.75)" 14.314° 0.003
DBP (mmHg) 73 (17.5) 87 (17.75)° 86 (17.75)" 92 (17.75)*" 45.370° <0.001
SBP (mmHg) 125 (24.5) 153 (34.5)° 153.5 (35.5)" 154 (29)° 54,376 <0.001
Height (cm) 158 (11) 160 (14) 157 (10.75) 158.5 (14.75) 0.674” 0.879
Weight (kg) 54.4 (15.5) 62 (15.5)" 62 (13)* 64.5 (17.75)" 30.99° <0.01
BMI (kg/m?) 21.74 (3.91) 253 (3.82)" 2540 (4.53)" 25.39 (4.47)" 40.147° <0.01
Course of disease (mo) = 90 (133.35)" 111.5 (132.5)° 118.5 (1332.5)" 147.932° <0.01
HbAlc (%) 5.7 (0.6) 9.6 (3.55)" 9.7 (3.5)° 9.35 (2.88)" 151.947° <0.01
FBG (mmol/L) 5.33 (0.75) 7.35 (2.93)° 8.85 (5.68)"" 8.85 (3.2)° 106.139" <0.01
2-h PBG (mmol/L) 9.43 (1.83) 12.65 (2.45)° 13.4 (6.92)° 13.6 (7.47)*" 102.209° <0.01
INS (mmol/L) 7.47 (5.79) 8.23 (8.54)" 8.0 (9.26)" 7.94 (8.01) 5.999” 0.112
Fasting C-peptide (mmol/L) 1.61 (1) 1.73 (1.58) 1.35 (1.62) 1.97 (2.37) 5.645" 0.130
BUN (mmol/L) 4.92 (1.79) 5.85 (2.15)" 5.67 (1.94)° 7.82 (2.56)"" 56.728" <0.01
Cr (pmol/L) 55 (29.05) 58.6 (25.33) 57.4 (22.65) 87.95 (53.78)< 53.938” <0.01
UA (pmol/L) 347.6 (122.9) 318.25 (187.6) 298.95 (138.18) 389.1 (189.58)° 10.817° 0.013
TG (mmol/L) 1.42 (0.75) 1.69 (1.54)° 1.81 (1.40)° 1.74 (1.43)° 14.974> 0.02
TC (mmol/L) 3.77 (1.67) 4.51 (1.66)" 4.58 (1.53)" 4.44 (1.91)° 14.796” 0.02
HDL (mmol/L) 1.14 (0.35) 1.08 (0.40) 1.09 (0.30) 1.09 (0.40) 1.305” 0.728
LDL (mmol/L) 2.55 (1.14) 2.61 (1.45) 2.54 (1.42) 2.69 (1.95) 1.145” 0.766
UCAR (pg/mg) 18.95 (11.92) 21.9 (48.63)" 67.85 (67.3)"" 2314.5 (3161.08)" 218326 <0.01
Hypertension (yes/no) 57/9 64/37° 29/52%" 31/39" 44.444" <0.01
Hyperlipidemia (yes/no) 52/14 62/39" 48/33" 46/24 7.301" 0.063
CHD (yes/no) 63/3 90/11 72/9 66/4 3.482" 0.323
Stoke (yes/no) 63/3 95/6 72/9 63/7 4182' 0.242
Drink (yes/no) 55/11 66/35 60/21 45/35 8.359" 0.039
Smoke (yes/no) 53/13 68/33" 57/24 46/24° 4.305' 0.230

“Represents a statistically significant difference from group L.

PRepresents a statistically significant difference from group IL.

“Represents a statistically significant difference from group III.

IRepresents y” value.

Represents H value.

DBP: Diastolic blood pressure; SBP: Systolic blood pressure; BMI: Body mass index; HbAlc: Glycosylated hemoglobin; FBG: Fasting blood glucose; 2-h
PBG: 2-h postprandial blood glucose; BUN: Blood urea nitrogen; UA: Uric acid; TG: Triglyceride; TC: Total cholesterol; HDL: High-density lipoprotein;
LDL: Low-density lipoprotein; UCAR: Urinary albumin/creatinine ratio; CHD: Coronary heart disease.

inhibitory protein GCKR in the liver cell nucleus, causing an increase in glucose concentration, leading to dissociation of
the GCK-GCKR complex, and promoting GCK translocation to the cytoplasm, glucose phosphorylation in liver cells, and
insulin release and glycogen synthesis by pancreatic islet p cells[12], and GCKR transforms into inactive GCKR. rs780094
is a single-nucleotide polymorphism site in the noncoding region of the GCKR gene. It was first reported in a GWAS of
T2D in 2007[13]. It was found that the GCKR gene was closely related to blood lipids in the Danish population, and that
the level of TG in G allele carriers was reduced, accompanied by an increase in fasting plasma glucose. The insulin level
assessed by the steady-state model was reduced, and insulin release related to OGTT was increased, slightly increasing
the risk of T2D[14]. Subsequent in-depth analysis by GWAS showed that GCKR rs780094 was closely related to T2D and
its complications. Zhou et al[15] found that carriers of the GCKR rs780094 C allele had a significantly higher risk of T2D.
This conclusion is consistent with the large-scale meta-analysis conducted by Wang et al[16], which showed that GCKR

WJD | https://www.wjgnet.com 1807 December 15,2023 | Volume14 | Issuel2 |

Jaishideng®



Liu YY et al. GCKR rs780094 and T2D

Table 3 Comparison of genotype frequency and allele frequency among the four groups

Group n ccC CT 1T c T

I 66 25 (37.9%) 28 (42.4%) 13 (19.7%) 78 (59.1%) 54 (40.9%)
I 101 22 (21.7%) 45 (44.6%) 34 (33.7%) 89 (44.1%) 113 (55.9%)
I 81 18 (22.2%) 37 (45.7%) 26 (32.1%) 73 (45.1%) 89 (54.9%)
I\Y% 70 15 (21.4%) 33 (47.1%) 22 (31.5%) 63 (45.0%) 77 (55.0%)

Table 4 Logistic regression analysis of risk factors for type 2 diabetes mellitus complicated with proteinuria

Variable B SE Wald y? P value OR (95%Cl)

DBP (mmHg) 0.077 0.013 35.65 <0.01 1.080 (1.053-1.017)
SBP (mmHg) 0.036 0.006 36.858 <0.01 1.037 (1.025-1.049)
Weight (kg) 0.072 0.015 23.121 <0.01 1.075 (1.044-1.107)
BMI (kg/m?) 0.300 0.051 34472 <0.01 1.350 (1.221-1.492)
Hypertension (yes/no) 1.878 0.380 24.391 <0.01 6.538 (3.103-13.773)
Hyperlipidemia (yes/no) 0.827 0.328 6.358 0.012 2.286 (1.202-4.346)
Drink (yes/no) 0.862 0.357 5.841 0.016 2.368 (1.177-4.766)
HbAlc (%) 4.834 0.904 28.614 <0.01 125.687 (21.385-738.706)
FBG (mmol/L) 1.258 0.187 45.233 <0.01 3.517 (2.438-5.074)
2-h PBG (mmol/L) 0.631 0.092 47.502 <0.01 1.879 (1.571-2.248)
BUN (mmol/L) 0.477 0.099 23.410 <0.01 1.612 (1.328-1.956)
TG (mmol/L) 0.464 0.159 8.548 0.003 1.591 (1.165-2.171)
TC (mmol/L) 0.470 0.122 14.801 <0.01 1.600 (1.259-2.032)
CT+TT 0.536 0.192 7.765 0.005 1.710 (1.172-2.493)

OR: Odds ratio; CI: Confidence interval; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; BMI: Body mass index; TG: Triglyceride; TC: Total
cholesterol; 2-h PBG: 2-h postprandial blood glucose; HbAlc: Glycosylated hemoglobin; FBG: Fasting blood glucose; BUN: Blood urea nitrogen.

rs780094 mutation leads to an increased risk of cross-ethnic T2D. A study on Han Chinese showed a significant
correlation between rs780094 and T2D[17]. Some studies have shown that GCKR is an independent susceptibility gene for
T2D, and its T allele can reduce fasting blood glucose and the incidence rate of T2D[18]. Some studies have also shown
that the incidence of T2D was reduced by the GCKR rs780094 G allele[19]. Li et al[20] and Bi et al[21] found racial
differences in this effect. A study in the Han Chinese population showed that the A allele in GCKR rs780094 was
associated with a reduced risk of T2D and obesity[22]. Another study showed that the GCKR rs780094 polymorphism
was not associated with the occurrence of T2D[23]. We found that there was a significant difference in genotype
frequency among groups I-1V, indicating that the differences in GCKR rs780094 in the population were related to glucose
metabolism. This correlation is related to GCK as the first rate-limiting enzyme of the glucose metabolic pathway. This
difference existed in the control group and T2D patients, but was not related to whether the patients had albuminuria,
nor to the severity of albuminuria in the patients. It is speculated that the change from C to T can cause the substitution of
an amino acid, thus affecting the activity of GCKR, but how GCKR acts on urinary protein warrants further study. Of
course, it may also be related to the small sample size of our study and the variation of gene frequencies in different races,
which still needs to be further explored by large-scale cohort studies in the future.

In our study, we also found that GCKR rs780094 was associated with type 2 diabetes mellitus, and this association was
related to lipid levels. The possible reason is that obesity can release a large number of pro-inflammatory factors, which
can increase the body’s resistance to insulin. At the same time, these inflammatory factors can also interfere with the
regulation of gene expression and the interaction between genes, thus affecting our glycolysis pathway and causing
glucose metabolism disorders.

We also carried out a logistic correlation analysis on the factors related to T2D with albuminuria, and found that TG,
TC, and CT + TT genotypes were risk factors. After adjusting blood pressure, BMI, and other indicators, the correlation
was still significant. However, this significance was only expressed in the CC + CT genotype. We did not find this
correlation in C, T, CC, CT, and TT genotypes. This may be due to the increased expression of GCKR accompanied by
insulin resistance, and high insulin levels may stimulate the brush border of the proximal convoluted tubules, promote
the exchange of UA and sodium ions, increase UA reabsorption, and thus increase UA levels[24]. The increase in UA level
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can damage the kidneys through a series of events, such as inflammatory reaction, destruction of endothelial cells,
activation of the renin-angiotensin-aldosterone system, proliferation of vascular smooth muscle cells, causing renal
vasoconstriction and thickening of glomerular arterial wall[25], and then production of albuminuria. Present and
previous studies have shown that GCKR rs780094 is associated with T2D and T2D with albuminuria, and this correlation
is related to UA, gender, and blood lipid level.

This study had some limitations. First, the sample size was small. Second, the selected subjects were from the
Southwest region, which is geographically limited, so extrapolation of our results to other ethnic groups or the whole
country should be cautious. Third, the effect of drugs on albuminuria was ignored. Finally, since we only selected the
GCKR rs780094 locus for study, we may have ignored the impact of other gene polymorphisms on T2D with albuminuria.
In future research, the sample size should be increased to conduct large-scale, multi-regional, and gene-locus-centered
studies.
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CONCLUSION

T2D and DN are the results of a variety of factors and their interactions, including environment, eating habits, lifestyle,
race, and family history. Genetic factors also play an important role in the occurrence of diabetes. This is why a
susceptible gene may exhibit different phenotypes in different populations or regions. Various studies have reported the
relationship between genetic variation and susceptibility to T2D. In clinical practice, we can start with proteinuria
detection, assess the risk of individuals carrying susceptibility genes, and take comprehensive prevention and control
measures to delay the onset of T2D.

ARTICLE HIGHLIGHTS

Research background

Diabetic nephropathy (DN) is a serious complication of diabetes with no typical clinical manifestations at the beginning
of the disease, and treatment efficacy is poor. Currently, it is believed that the pathogenesis of DN is associated with
environmental and genetic factors. In this study, we found that CT + TT genotype in glucokinase regulatory protein (
GCKR) rs780094 is a risk factor for type 2 diabetes (T2D) complicated with albuminuria.

Research motivation
Human GCKR plays an important role in sugar regulation. However, the association between GCKR gene rs780094
polymorphism and diabetes and its complications is uncertain.

Research objectives
To explore the relationship between the GCKR gene rs780094 polymorphism and T2D with albuminuria.

Research methods
The correlation between GCKR rs780094 and diabetes mellitus with proteinuria was studied by different grouping
methods.

Research results

Studies have found that there are many risk factors for T2D with albuminuria. From the perspective of environmental
factors, there were history of hypertension, alcohol consumption, history of hyperlipidemia, and blood glucose levels. At
the genetic level, CT + TT genotype was identified to be a risk factor for T2D mellitus with albuminuria.

Research conclusions
In clinical practice, we can start with proteinuria detection, assess the risk of individuals carrying susceptibility genes,
and take comprehensive prevention and control measures to delay the onset of T2D.

Research perspectives

While promising, the study has some limitations, including that it did not take into account whether patients were taking
lipid-lowering and blood-pressure medications, and did not calculate insulin resistance indexes, among others. In
addition, due to the limited geographical options in this study, there may be selection bias, and further clinical trials are
needed to refine the conclusions of this study.
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